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Abstract. Al–12Si specimens are produced by selective laser melting (SLM) from gas 
atomized powders. Installation for the production of powder is original. All specimens were 
prepared using the EOSINT M 280 device.  A fine cellular structure is observed with residual 
free Si along the cellular boundaries. Room temperature tensile tests reveal remarkable 
mechanical behavior: the samples show yield and tensile strengths of about 102 MPa and 425 
MPa, respectively, along with fracture strain of 12%. The study of crack surface morphology 
was shown by the example of a sample. Except the spherical pores, the interface of the molten 
pool also appears on the fracture surface, which indicates a mixture of fragile and ductile 
fracture. Additionally, the agglomerated silicon group appears also on the fracture surface. 

Introduction 
Selective laser melting (SLM) is an important additive manufacturing process for metal materials, 
which can produce parts with sophisticated shapes with small material wastage during production [1]. 
The part is firstly designed via the 3D computer-aided design (CAD) software, then built layer-by-
layer with a high-energy intensity computer-controlled laser beam [2]. Until now, Al-Si alloys have 
been widely investigated and produced by the SLM process [3-7]. Due to their high wear resistance, 
the low thermal expansion coefficient and high strength to weight ratio, Al-Si alloys are used as 
structural material for engine blocks and pistons [8]. Owing to low thermal expansion and uniform 
distribution of its surface oxide film, eutectic Al-Si alloys are suitable for production using SLM. [9]. 
The microstructure and mechanical properties of SLM processed Al-12Si alloy had been studied 
before [3,6]. Compared with the conventional casted Al-12Si alloy, an additional and important 
advantage of the SLM processed sample is the ultrafine microstructure, which leads to improvement 
of the mechanical properties. Before this work, the feedstock materials of the SLM process for Al-
12Si alloy were powders of brand EOS [1-3]. This powder presents good performance due to 
homogenous distribution of elements, leading to formation of uniform physical and chemical 
properties. In these studies of feedstock materials of the SLM process, powders of the Russian brand 
"AKD12" were used for the Al-12Si alloy. The installation for the production of powders is original, 
wherein all specimens were prepared using the EOSINT M 280 device. Therefore, it is interesting to 
compare the microstructure and mechanical properties of SLM processed Al-12Si alloy from еру 
Russia brand "AKD12" powder and brand "EOS" powders. Investigation of microstructure and 
mechanical properties was performed for SLM processed Al-12Si alloy. 

Experimental Method 
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Powder Al-12Si of the Russian brand “АКD12” is manufactured on the original installation "UR-9" of 
gas spraying of metal melts. The UR-9 installation was developed at the Ural Federal University. This 
plant allows one to obtain metallic powders with median diameter d50 = 25 μm (the diameter of 50% 
of powder particles does not exceed 25μm). SLM-specimens were prepared using the EOSINT M 280 
device. Investigation of microstructure and mechanical properties was performed for SLM processed 
Al-12Si alloy. 

The microstructure was determined using a scanning electron microscope (SEM) “Merlin” 
(CarlZeiss, Germany).  Preparation, processing and analysis of obtained data were carried out with the 
help of Smart SEM (CarlZeiss, Germany). Visualization of the surface morphology of the samples was 
carried out with a resolution of 1024 × 768 points with an accelerating voltage of 20 kV. 

Tensile tests were carried out at room temperature using a Shimadzu AG-50kNXD testing facility 
under quasistatic loading. The tensile properties, such as yield strength (σ0,2, MPa), ultimate tensile 
strength (σв, MPa), and strain to failure (δ,%) were measured.  

Results and Discussions  
Morphologies, chemical composition of the Al-12Si powder in their size distributions are 
presented in Table 1. Powder Al-12Si of the Russian brand “AKD12” is manufactured on the 
original installation "UR-9". 
Table 1. Chemical composition of alloy powder Al-12Si of brand “AKD12”. 
Size of 
particle 
powder 

≤ 45µm 45-80µm  80-140µm  

SEM-Images 

   
Al, mas. % 85.6±0.5 82.2±0.2 82.5±0.5 
Si, mas. % 12.7±0.5 14.8±0.5 12.0±0.3 
Fe, mas. % 1.0±0.2 1.1±0.4 0.8±0.2 

 
The fracture surfaces of SLM of processed Al-12Si at different laser scanning speeds are 

shown in figure 1. The porosity could be observed for the SLM processed sample. Dimples 
could be observed on the fracture surface, which indicates a typical ductile fracture. On the 
other hand, except the spherical pores, the interface of molten pool also appears on the 
fracture surface. Due to the high length/width ratio of interfaces of the molten pool, they 
cause the stress concentration region, which is an important reason for the reduction of tensile 
strength and ductility. A higher magnification image (Figure 1) shows that it is a mixture of 
fragile and ductile fracture. Additionally, the agglomerated silicon group appears also on the 
fracture surface. During the tensile loading, the Si rich region presents a low ductility and 
causes cracks [3]. 

The mechanical properties of the fabricated Al-12Si alloy are shown in Table 2. Al–12Si 
specimens are produced by selective laser melting (SLM) from gas atomized powders of the 
Russian brand “AKD12”, which are manufactured on the original installation "UR-9". Room 
temperature tensile tests reveal the remarkable mechanical behavior of Al-12Si alloy 
specimens, which are produced by selective laser melting (SLM): the samples show yield and 
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tensile strengths of about 102 MPa and 425 MPa, respectively, along with fracture strain of 
12%. 

Table 2. Mechanical properties of SLM-products 

Study Yield strength σ0,2, 
MPа 

Ultimate tensile 
strength σв, MPа 

Strain to failure δ, % 

SLM-sample 
“AKD12” 

101.6±3.0 425.1±24.7 12.1±2.2 

SLM-sample Al-
12Si  [4]  

260 380 3 

SLM-sample Al-
12Si [3]  

225 350 6 

SLM-sample Al-
12Si [6] 

274.8±8 296.1±20 2.2±0.3 

Ingot  
Al-12Si  [6] 

104.2±11 192.3±15 9±0.5 

 

 

Figure 1. Microstructure of fracture surface of sample processed using laser scanning speed. 

It is known that selective laser melting (SLM) demonstrates rapid cooling rates during processing. 

This enables the formation of an ultrafine eutectic microstructure in an Al-12Si alloy. Unlike the 
eutectic microstructure observed in Al-12Si alloys fabricated by conventional methods, the eutectic 
microstructure is characterized by spherical nano-sized Si particles embedded in the Al matrix. This 
ultrafine eutectic microstructure gives rise to significantly better tensile properties compared to 
traditionally fabricated Al-12Si parts. Upon solution treatment, the size of the eutectic Si particles, 
which are critical to the mechanical properties of Al-12Si parts, increases with increasing the solution 
treatment time. The bimodal distribution of the Si particle size is retained. However, the coarse and 
fine Si particles distribute homogenously in the Al matrix. Based on the detailed TEM study, it was 
found that spherical Si particles with a diameter below 100 nm formed at the Al grain boundaries as a 
result of the extremely high cooling rate during SLM. This micro-sized eutectic microstructure was 
believed to be the underlying reason for the very high tensile ductility of the Al-12Si alloy - 25% [5] . 

This study shows that Al-12Si alloy with exceptional tensile properties and ultrafine eutectic 
microstructure can be obtained by selective laser melting and subsequent solution treatment. The 
eutectic microstructure of Al-12Si alloys, especially the size of the Si particles, can be tailored 
effectively by varying the solution treatment time. This provides important insights into refinement of 
Al-Si alloys without the addition of other elements. Solution heat treatment of specimens was 
performed in air at 500 ᵒC for up to 4 h, followed by water quenching [5].  

It is known that the solidification microstructure of Al–Si alloys can be influenced by super heating 
with a finer and/or more uniform microstructure along with increased strength and ductility in samples 
that have undergone significant superheat prior to solidification [10–11]. The underlying reason has 
been attributed to the existence of two characteristic temperatures: the dissolution temperature Td and 
the branching temperature Tb. Below Td, the liquid contains aluminum and silicon-rich particles which 
have been inherited from the solid material. Once the Td has been exceeded, these particles begin to 



4

1234567890

IPDME 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 87 (2017) 092011    doi   :10.1088/1755-1315/87/9/092011

melt and above the branching temperature, Tb, molten alloy can be considered homogenous. Between 
Td and Tb, Al-rich and Si-rich regions 10–200 nm in size co-exist within the molten pool [10]. This 
inhomogeneous microstructure will remain in the solidified alloys if the cooling rate is high enough 
(~103 K/s). According to previous studies, Td and Tb of Al-12Si alloys should be around 1080 ± 30 
and 1290 ± 30 °C, respectively [10]. This temperature is much higher than the liquid’s temperature of 
Al-12Si alloys (577 °C). Given that measuring the temperature in the melt pool in such short time is 
currently not possible, the temperature distribution upon heating within the melt pool in this study was 
estimated based on the transient heat transfer model using COMSOL™ [3]. The maximum 
temperature is at the centre of the molten pool and reaches about 1439 ᵒC, which lies above Tb of Al–
12Si alloy. However, it can be seen that the temperature of a large portion of the melt pool lies in 
between Td and Tb of Al–12Si alloy. Hence, a large portion of the Al–12Si alloy melt pool probably 
undergoes a super heating in the temperature range between Tb and Td. This will lead to an 
inhomogeneous microstructure of the molten pool of Al-12Si. The cooling rate is also estimated 
(based on the simulation) to be above ~103 ᵒC/s for most parts of the melt pool. This super-high 
cooling rate will help to retain the abovementioned inhomogeneous microstructure. Therefore, it has 
been observed that Si particles around 10–100 nm in size and a supersaturated Al matrix are expected 
to form in the as-fabricated Al–12Si alloy. The growth of these nano-sized Si particles within the 
microstructure of the as-fabricated alloy was observed upon heat treatment.  

Conclusions 
In this work, the eutectic Al-12Si alloy was fabricated using selective laser melting (SLM) from 
Powder of Russian brand “АKD12”. Due to the high cooling rate of the SLM process, the Al-12Si 
alloy presents an ultrafine microstructure which consists of cellular Al-rich, α-Al and nano-sized Si 
particles. This ultrafine microstructure gives rise to tensile strength properties compared to the 
conventional casted Al-12Si alloy. During tensile tests at room temperature, remarkable mechanical 
behavior was revealed: the samples demonstrated yield and tensile strengths of about 102 MPa and 
425 MPa, respectively, along with fracture strain of 12%. The study of the crack surface morphology 
was undertaken by the example of a sample. Except the spherical pores, the interface of molten pool 
also appears on the fracture surface, which indicates a mixture of fragile and ductile fracture. 
Additionally, the agglomerated silicon group also appears on the fracture surface.  
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